The ability of pomelo peel (PP) as natural adsorbent to remove Cu (II) ions from aqueous solution was investigated. The influence of solution pH, contact time and temperature were evaluated. Cu (II) removal increased as the pH of the solution increased and the maximum value reached at pH 6. The adsorption was relatively fast (30 min). Adsorption kinetics followed the pseudo-second-order model. At low temperature the adsorption was not affected but at high temperature it was reduced. PP is considered as low cost material that shows potential to be applied in wastewater technology for remediation of heavy metal contamination.
Introduction
Nowadays, industrial wastewater is the main sources for heavy metal pollution. Among various treatment technologies, adsorption is commonly used due to the adsorbents porous surface structure. Adsorption of copper ions from aqueous solution using palm kernel fiber, orange peel, palm trees waste, hazelnut shell, chemically modified orange peel and rice husk have been studied [1] [2] [3] [4] . But the adsorption of copper with pomelo peel has not been studied yet. The objective of this study is to study the kinetic and thermodynamic behavior on the copper ion adsorption from its aqueous solution by using PP. PP was chosen as adsorbent because it is abundant and of low cost.
Experimental
Chemicals and Equipments. Pomelo peels (PP) were collected and washed with distilled water then cut into small pieces (0.5 cm), oven-dried at 60 0 C for 48 h, cooled down and stored in a plastic bottle for further use. All chemicals used were of analytical grade. 20 ppm of Cu (II) solution was prepared using CuSO 4 .5H 2 O by dissolving it with distilled water. H 2 SO 4 and NaOH were used for pH adjustments. An Orion group pH meter, FTIR spectroscopy, (Perkin Elmer) scanning electronic microscope, SEM (JEOL, JSM 6460 LA), PerkinElmer (Model AAnalyst 700) atomic absorption spectrometer (AAS) were used.
Adsorption Experiment. Adsorption of copper from the aqueous solution by PP was carried out using batch process. After equilibration the solid particles were filtered off and the metal ion concentrations in the supernatant was determined by AAS. The amounts of adsorbed metal by the PP were calculated by the difference in metal ion concentration of aqueous solution and the supernatant. To calculate the percentage of adsorption and distribution coefficient , the following equations were used, respectively;
Where, equilibrium adsorption capacities of metal ions on adsorbent (mg/g), equilibrium concentration of metal ions in the solution (mg/L), 0 C and f C represent initial and equilibrium concentration of copper in the aqueous solution, respectively.
Results and Discussion
Characteristics of Pomelo Peel (PP). SEM was used to know the surface texture and porosity of the sample. The SEM images of PP before and after adsorption are shown in Fig. 1 (a) and (b). A porous and rough surface was found for PP before adsorption as depicted Fig. 1 (a) , whereas the porous structure disappeared in Fig. 1 (b) and a smooth surface was found due to the adsorption of metal ion. The FTIR spectra of pomelo peel is given the following bands: 2916.65 cm −1 (-OH stretching vibrations), 1716.58 cm −1 (O-H stretching vibration), 1463.86 cm −1 (C-O stretching vibration), 1167.94 cm −1 (C-C stretching vibration), 1017.23 cm −1 (salts of carboxylic acids), 718.45 cm −1 (C-O-H) [5] . These groups have ability to some extent to bind heavy metal ions. Adsorption Study. Effect of pH. The effect of pH on adsorption percentage is shown in Fig. 2 . First, the adsorption of Cu (II) was increased with the increasing of pH. The highest adsorption efficiency is recorded at pH 6. Nevertheless, while increasing the pH from 6 to 8, the efficiency of Cu (II) adsorption was dropped. This is due to the competition of proton (H + ) and copper ions in lower pH, where the sorbent surface taken up more H + , consequently reducing copper ions binding on the adsorbent surface. As the pH was increased, the adsorbent surface takes more negative charges, thus attracting more copper ions. However, with further increases in pH 6 to pH 8, the formation of anionic hydroxide complexes decreases the concentration of free copper ions, thereby the adsorption capacity of Cu (II) decreased [6] . Effect of Contact Time. To determine an equilibrium time for the adsorption of Cu (II) using PP, the adsorption capacity was studied as a function of contact time. The results obtained are presented in Fig. 3 . It was observed that the percentage of adsorption was increased rapidly with increasing of contact time up to 30 minutes and thereafter became stable for all metals. Therefore, 30 minutes is considered the equilibration time for Cu (II) adsorption using PP.
Kinetic Modeling. Adsorption kinetics of copper ions on PP could be explained with the pseudo-second order equation. The R 2 values for the second-order kinetic model were 1, while those for the first-order kinetic model were 0.978. A good fit (R 2 =1) was obtained and therefore indicates that the adsorption process is based on pseudo-second-order mechanism and the rate is controlled by chemical adsorption [7] . Therefore, from the results (Fig. 4, Fig. 5 and Table 1 ), it could be concluded that the pseudo second order model was most suitable for the kinetic rate of Cu (II) adsorption onto PP. k 2 and q t obtained from the plot are 0.0142 g/(mg . min) and 476.19 mg/g, respectively. The kinetic of the adsorption process can be calculated by using the pseudo-first order rate and second order rate equation. These equations are most widely used for the adsorption of solutes from a liquid solution [7] . From these equations, and can be determined. First order rate equation and second order rate equation are given in Eq. 3 and Eq. 4, respectively.
Where, is the adsorption capacity at equilibrium, is the adsorption capacity at time, is time in minutes, is the rate constant of the pseudo-first order rate and is rate constant of the pseudo-second order rate. The values for the rate constants of Cu (II) adsorption at pH 5 is simplified in Table 1 . The increase in ∆°G with the increase in temperatures shows a decrease in feasibility of adsorption at higher temperatures [5, 8] .
Conclusions
Cu (II) was successfully adsorbed onto the pomelo peel. The performance of pomelo peel is significantly affected by pH, with the maximum value at pH 6, about 99.5 % of Cu (II) adsorption is occurred. Adsorption kinetics is found to be best fit for pseudo-second order equation. The thermodynamic calculations indicate the feasibility, endothermic and spontaneous nature of the adsorption of Cu (II) ions on pomelo peel. ∆H° is found to be 0.919 J/(mol.K). However, the value of ∆H° is too small. Therefore, it could be concluded that pomelo peel is a good adsorbent for Cu (II).
